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SUBJRCT: Correction to Final Summary Report for Contract DA=-36~038-
ORD=1,409]1 - Heintz Manufacturing Company

T0: ‘rmed Services Technical Information igency
Document Service Center
Knott Building
Dayton 2, Ohio

There ars forwarded herewith five corrected coples of Page 14 of
the Final Summary Report on the Development, Manufacture -nd Metallur-
gleal Study of a Cold Extrusion Process for the Manufacture of 30mm
Projectile Bodies, prepared by the Heintz Manufacturing Company on
work performed by them under Contract DA-36~-038-0RD-14,091., Thee cor—
rected copies should be inserted in the proper place in each summary
report and the original Pages 14 destroyed.

ROR THE COMM:NDING GENYRAL: , :
- ;o ) -
- R A e
1 Incl (5 cys) ALFRED S, HITNER

Pg. 14 of Summary Rpt Assistant
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HEINTZ MANUFACTURING COMPANY

FRONT STREET ¢ OLNEY AVE. y ' ! PHILADELPHIA 20 « PENNA,

October, 1955

Commanding General
Frankford Arsenal

Bridge & Tacony Streets
Philadelphia 37 Pennsylvania

Re Report on 30mm Shell
Contract DA-36-038-ORD-14091

Dear Sir

We are pleased to hand you herewith the detailed record of the develop-
ment, manufacture and examination of 30mm projectiles of four types--
all made by cold forming operations including cold extrusion.

That cold forming is the recommended way to make good and cheap
shell of such size is conclusively shown not only in this report but in
our earlier experience in making other 30mm projectiles for Picatinny
Arsenal and an European customer.

Strength requirement--90, 000 psi minimum yield--was met with a lib-
eral margin and with a useful amount of ductility.

Firing results were "uneventful”, according to informal word.

Tonnages noted in making these shell, ranged from a top of 105 on T304,
118 on T328, 159 on T241 and 233 on T306E10 and down to 10 tons, These
developmental loads would be reduced by operational and minor design
changes. Tool life accordingly would be expected to be satisfactorily
very high. Presses desirable in a production line are described in the
Appendix.

Facilities to produce up to 3, 000 shell per hour in a single line--evolved
in studies by us in considerable detail--would be highly efficient, even
though flexible to the extent of making projectiles and other bodies, both
larger and smaller than the 30mm types, in bcth weight and size.
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Frankford Arsenal October, 1955

As to economics of the method, costs would be lower than any other
curreat method, given recommended equipment and service require-
ment quantities, due in part to saving in metal.

Strategic saving of material -~apparently not yet a major factor in choos-
ing a method--will dictate cold forming beyond any question in any war
economy.

Confirmed by a considerable exchange of actual visits it can be noted
that European specialists in minor calibre cannon and ammunition have
had excellent results from cold formed projectiles in late type weapons,
that facilities in certain quarters there are quite limited in various
respects as well as size; and that they not yet have access to the ad-
vanced technique described and suggested herein--although the interest
is high.

The working organization here behind this and similar projects is being
kept intact.

It is a pleasure to serve the Ordnance Corps.
Yours faithfully
HEINTZ MANUFACTURING COMPANY

‘C\>_,,Q_M CQ—"-A\>D/\_Q—

Manager Ordnance Division

Weber deVore:eb
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PREFACE

We are pleased to submit this summary report on the de-
velopment, manufacture, and metallurgical study of the 30mm shell

bodies as required by Contract DA-36-038-ORD-14091, as amended.

The original contract required in part that we "', .......
produce a complete set of tooling necessary to produce bodies, pro-
jectile, steel, 30mm, manufactured by extrusion from bar stock,
stress relieved. Bodies shall conform to the following two types:

"a. Bodies conforming to ORD Dwg 7553344, Rev 2,
dated 16 January 1953, except as modified with respect to the inside
radii by Heintz Manufacturing Company Sketch Rev 16 February 1953.

"b. Bodies conforming to Sketch FSA 7757, Rev 7,
dated 12 March, 1953, except as mcdified with respect to inside
radii by Heintz Manufacturing Company Sketch Rev 16 February 1953,"

And further, "....... the tooling to be delivered by the
contractor shall be suitable for production of at least 50, 000 each of
these two bodies.

"A total of 5,000 of each of these two bodies produced
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PREFACE (Cont.)

on the tooling designed for these bodies shall be delivered by the con-
tractor f.o.b. Frankford Arsenal. A pilot lot of 25 to 100 each of
these two bodies shall be delivered by the contractor f. 0.b. Frank-
ford Arsenal for approval prior to the production of the said 5, 000

each of these two bodies. "

Change Order No 1 (12 November 1953) provides
..... pursuant to General Provisions, 2, Changes, of the contracs,
you are hereby authorized to incorporate in the base of the projectile
the addition of a small flat indicated on sketch number 10290 dated
22 October 1953, of 9/16" diameter, which will joir the rest of the
spherical surface with no sharp edge or other deformation. "

Change Order No 3 (16 March 1954) provides ".....
you are hereby authorized to change the dimensions on the 30mm
projectile T241, D-7553344 to 3. 006 plus . 000 minus . 020 with no
change in weight requirement, in lieu of 3. 138 plus . 000 minus . 020."

Change Order No 4 (12 April 1954) states "..... you
are hereby directed to change the two (2) types of Bodies for which
tooling is to be delivered, to conform to the fcllowing types:

"Type 1: Body, Projectile, Practice, 30mm, T328,

conforming to Dwg FD 18088, dated 26
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February 1954,

"Type 2: Body, Shell, HEI, 30mm, T306E10, con-
forming to Dwg FD 18083, Rev 1 dated 17
February 1954.

"A pilot lot of fifty (50) to one hundred (100) each of
these two (2) Bodies shall be delivered to Frankford Arsenal for
approval; and production of 5, 000 each of the two (2) Bodies shall be
furnished after approval of the respective pilot lot."

Supplemental Agreement No 5 (1 December 1954) pro-
vides in part'..... the quantity of 5, 000 each Bodies, Projectile,
30mm, T328 (Dwg FD 18088) shall be finish machined, banded,
painted, and packaged in accordance with standard commercial prac-
tices to insure safe delivery to destination.

"The quantity of 5, CC0 each shell, projectile, 30mm,
HEI, T306E10, (Dwg FD 18083) shall not be banded and shall be com-
pletely machined except for machining rotating band and the crimp
groove. Shell bodies are not to be painted but are to be packaged in
accordance with standard commercial practice to insure safe delivery
to destination. "

Supplemental Agreement No 6 (18 February 1955) pro-

vides for an extension of the delivery schedule.
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SUMMARY

This contract, as amended, required that four differ-
ent 30mm shell bodies be produced by the methods of cold extrusion.
They were the T241, T304, T328 and HEI T306E10,.

The scope of this contract did not demand that the re-
finement of detail necessary for mass production be perfected. All
of the work, therefore, comprising the cold forming phase of this
project was performed using existing presses, surface treating equip-
ment and annealing furnaces. This equipment was far too massive for
these small shell. The presses employed were rated at tonnages
greatly in excess of that required and the strokes they made per min-
ute were correspondingly few. The surface treating equipment was
equally ill-suited. It was necessary to fabricate temporary containers
in an effort to utilize the present equipment with some detrimental
effect on the quality of the phosphate coating. The shell were annealed
in large electrically energized batch type furnaces.

The use of this heavy equipment in no way detracted
from the development of the essential mechanical, chemical and
metallurgical principles which are applicable to production. Listed
in the Appendix are suggestions concerning the equipment necessary

for economical mass production of these shell.
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SUMMARY (Cont.)

The first portion of the cold forming phase of this
project was to determine the sequence of press operations, anneals
and surface treatment that would produce not only a dimensionally
correct shell but also a shell which had been plastically formed to
just the proper degree to impart the required mechanical proper -
ties. The variety of shapes found an'i'ong these four shell required
three distinct approaches. Therefore, the description of the manu-~
facturing operations will be divided into three parts. The first will
include the bodies T241 and T304, which were similar in nature in
that both were made with the following basic sequence of press opera-
tions:

Shear
Size
First Backward Extrude

Second Backward Extrude
Nose

DR W N

The T328 body was produced using a similar basic
sequence but the flat bottom and deep backward extrusion imposed
a different get of problems.

The HEI T306E10 shell body was manufactured using
an entirely different type of operations which were fundamentally:
Shear
Size
Backward Extrude
Forward Extrude

Draw & Coin
Nose

D W




SUMMARY (Cont.)

The press operations produced all of these shell with
the internal and external contour finished with the exception of the
threads and the band groove and crimping groove.

All of the machining equipment available at Heintz
Manufacturing Company was suitable only for much larger work.

It was necessary, therefore, to subcontract.

The machining of bodies T241 and T304 was subcon-
tracted to G M Co. Mfg., Inc., of Long Island City, New York,
while the bodies T328 and HEI T306E10 were sent to Pantex, Inc.,
of Pawtucket, Rhode Island. Both of these companies had machined
30mm shell from bar stock using automatic screw machines, and
had the necessary form tools, rotating bands, inspecticn gages,
jigs and fixtures, etc., for these shell.

The machining of the nose end of the shell body con-
sisted of facing to length and boring and tappi;xg the thread. With
the shell reversed, the band seat was formed and knurled, the band
applied and formed and the crimping groove machined.

The shell were then finished and packed as required.

Government ingpection and testing were done at Frank-

ford Arsenal.
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CONCLUSIONS

This development project clearly demonstrates the
practicality and advisability of using the methods of cold extrusion
to fabricate small caliber ammunition of this type.

(Although the scope of this contract did not include the
economic aspects of the method of manufacture, a casual study of this
and other methods indicates clearly that both strategically and econom-
ically high production of such items by the methods used would have
congiderable advantage. Easily obtainable high speed equipment can
produce these shell at a saving in material (both quantity and quality)
and in cost.)

Cold extrusion, with its relative ease of precision dup-
lication, converts hot rolled bar stock into e finished piece with super-
ior finish and requiring only the minirnum of machining. The required
mechanical properties are imparted to the shell as an inherent part of
the process eliminating entirely the necessity of quench hardening and
tempering.

The tooling is readily adaptable to high speed presses

and automatic feeding devices.

gt
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TECHNICAL INFORMATION

The sequence of manufacturing operations listed and !
described hereafter was used to make pilot lots and production runs !
up to 5, 000 pieces. While this represents a small total number of
shell produced, the principles, the methods, and the tools are
analogous to those used to make similar, if larger, components on
a mass production basis.

The several basically different approaches that were
necessary to make these four shell require that each approach be
described separately. Therefore the work described hereafter

will be presented as follows:

1. Shell Designation
a. Engineering Considerations

b. Cold Forming Operations and Applicable
Tool Drawings

c. Machining Operations and Applicable ;
Drawings

d. Metallurgical Data and Discussion

12
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

ENGINEERING CONSIDERATIONS

These two shell were so similar with respect to physical
shape and mechanical properties that this discussion of the ergineering
problems is applicable to beth.

The general requirement was to manufacture a shell
dimensionally consistent with the required drawings and having a mini-
mum yield strength of 90, 000 psi with an elongation of 10% in a gage
length of four (4) diameters. The mechanical properties were to be
derived from work hardening the material.

To assure that these requirements were met a sequence
of operations compatible with the requirements of both shape and
mechanical properties had to be properly determined. The general
method of approach is to engineer the sequence with respect to shape
and dimensional requirements only and then select 2 material which
will, at the calculated strain, have approximately the mechanical
properties desired. Then the sequence, material, process anneals
and final _tress relief anneal are modified to give the desired result.

In the particular case of these two shell bodies, which
had been designed for production on automatic screw machines, it was
first necessary to modify the sharp corners in the cavity with radii.

This was essential in that the material flowing from under the punch

13
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

ENGINEERING CONSIDERATIONS (Cont.)

did not have sufficient ductility to form around the sharp edges and
would rupture. Also such sharp corners had a deleterious effect on
the lubricating properties of the phosphate coating.

The cavity and general shape of these bodies lent them-
selves admirably to forming by successive backward extrusion opera-
tions followed by nosing to form the ogive. The difference in internal
diameters, with a constant outside diameter, resulted in a 65% reduc-
tion in area at the top of the shell and a 27% reduction in area at the
bottom in the extreme case of the T241 body. The smaller reduction
therefore governed the extent of the work hardening. A reduction in
area of 27% should increase the 'as rolled' yield point approximately
85% and decrease the elongation by approximately 55%. Therefore,

a steel with yield strength of approximately 50, 000 psi and an elonga-
tion of 36% in the "as rolled" condition should be selected. A plain
carbon steel with about 20 points of carbon meets these conditions.

Since the sequence of operations selected with a series
of backward extrusions, where the metal worked by the first back-
ward extrusion was not further strained by the second backward extru-
sion. This, of course, precluded the use of any anneals following the

first extrusion.

14




BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

ENGINEERING CONSIDERATIONS (Cont.)

Economic considerations made it mandatory that the
billets be sheared from the bars rather than sawed. This shearing
operation produced a distorted slug of metal with a very irregular
and severely cold worked top and bottom face. To prepare this
slug for the first backward extrusion operation, it was necessary
to tumble to remove burrs and sharp edges, then to anneal to re-
move the effects of the shearing, and finally to add another press
operation to size this deformed slug into a cylindrical section. If
the billets were not sized, the skewed surface of the sheared billet
would have caused the punch to enter the piece at an angle and
would have made it impossible to hold the shell bodies within the
required concentricity tolerances.

Previous experience had indicated that conical punch
shapes, as required to form these shell, impose some limitations on
the extent to which the phosphate coating may be stretched waen form-
ing the metal. This type of punch is not as desirable as one with a
flat or hemispherical shape. Experimental work confirmed this think-
ing and the pieces were surface treated preceding each of the backward

extrusion operations as well as after the annealing operation.

With these considerations in mind the necessary volumetric

15
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BODY, PROJECTILE, PRACTICE, 30MM

T304 and T241

ENGINEERING CONSIDERATIONS (Cont.)

calculations were made and the sequence drawings shown on the pages

immediately following this text were prepared.

The complete theoretical or basic sequence of cold

forming operations was therefore:

OO0 =3I W=

Shear billet

Tumble

Anneal

Wheelabrate

Surface treat

Size

Surface treat

First backward extrusion
Surface treat

Second backward extrusion
Nose

3tress relieve

Once this information was determined, tools were de-

gsigned and built to make the shapes shown on the sequence drawings,

tentative annealing temperatures were selected, required press ton-

nages were calculated, the auxiliary equipment necessary for surface

treatment was fabricated, and the necessary gages, jigs and fixtures

were manufactured.

These operations will now be discussed in detail with

regard to the practical tooling, metallurgical, chemical and manufac-

turing problems.

16
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ENGINEERING CONSIDERATIONS (Cont.)

calculations were made and the sequence drawings shown on the pages
immediately following this text were prepared.

The complete theoretical or basic sequence of cold
forming operations was therefore:

Shear billet

Tumble

Anneal

Wheelabrate

Surface treat

Size

Surface treat

First backward extrusion
Surface treat

10. Second backward extrusion
11. Nose

12, 3Stress relieve

Once this information was determined, tools were de-
signed and built to make the shapes shown on the sequence drawings,
tentative annealing temperatures were selected, required press ton-
nrzes were calculated, the auxiliary equipment necessary for surface
treatment was fabricated, and the necessary gages, jigs and fixtures
were manufactured.

These operations will now be discussed in detail with
regard to the practical tooling, metallurgical, chemical and manufac-

turing problems.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS

1. SHEAR BILLETS

The billets were sheared to the correct weight of nine
(9) ounces for the T241 and seven and one-half (7-1/2) ounces for
the T304 from one and one-quarter inch (1.250") hot rolled AISI 1021
bar stock. The random length bars were hand fed into the die against
the stop block on the upstroke of the press.

Little difficulty was experienced in performing this
operation with the exception of the troublesome accumulation of
galled metal from the bar stock which tended to deposit on the stop
block. An improved die designed for one particular shell only would
allow for a removable block.

The assembly drawing and details of this die appear
on the pages immediately following this text.

This die was run on a Verson 100 ton mechanical

press. The actual tonnage required was 43 tons.

19
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

2. TUMBLE BILLETS

The purpose of tumbling was to remove the sharp
edges and burrs from the faces of the billet.

This was an economical operation in that it only
required a part-time operator to load and unload the tumbler,
and in the cycle of forty-five (45) minutes, one thousand (1, 000)

pieces could be processed.
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COLD FORMING OPERATIONS (Cont.)

3. ANNEAL BILLETS

The sheared surface of the bhillet was, of course, cold
worked to its breaking point. This surface was then incapable of
withstanding any further plastic deformation unless it was annealed
at a temperature that would restore its original ductility.

The pieces were heated to 1250° F. in an electric
furnace, manufactured by the Lindberg Engineering Company,
soaked at this temperature for three-quarters of an hour and air
cooled. The effect of this anneal is shown, by means of hardness

surveys, in the section on metallurgical information.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

4. SHOTBLAST BILLETS

All production procedures for cold forming utilize some
form of automatic surface treating equipment. With this automatic
equipment it is impossible to have a chemical cycle that is compatible
with the scaled surface of the billets and the surface of pieces that
have been partially formed. Mechanical ''Wheelabrating" is the most
economical method of removing this tenacious scale.

The pieces were placed on a conveyor which fed them
into the machine. They were ejected from the machine automatically
by a conveyor which led away from the machine and dropped the pieces
into an empty bin.

Soft ''nail whiskers" were used for shot. It was very
important to have soft shot of some form in that hard shot would imbed
itself in the relatively soft piece and then gouge the die when the piece

was formed.

26
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T304 and T241

COLD FORMING OPERATIONS (Cont. )

5. SURFACE TREAT BILLETS

The surface treatment of billets was performed on
the experimental, hand Foscoat line. The pieces were placed in
stainless steel (Carpenter #20) trays which we used to modify the
existing baskets. The process was as follows:

Alkaline clean

Cold water rinse

Sulphuric acid pickle

Cold, overflowing water rinse
Hot, overflowing water rinse
Foscoat

Cold, overflowing water rinse
Hot, overflowing water rinse
Lubrication

WO ~ID U v N -

Chemicals were furnished by Pennsylvania Salt Manu-
facturing Company of Philadelphia.
A complete description of the processes and controls

is contained in the Appendix section describing chemical data.
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COLD FORMING OPERATIONS (Cont.)

6. SIZE BILLETS

The tools necessary to perform this operation are
shown on Dwg #114783 and #114787 on the pages immediately follow-
ing this text. The punch (item #7), the die (item #8), and the knock-
out pin (item #18), were those components which actually formed the
piece. The remainder of the die assembly was designed to accommo-
date not only this operation but all extrusion operations.

The Foscoated one and one-quarter inch (1-1/4")
billet was placed in the die and formed approximately to the shape
shown on Dwg #122717 and #122716. Actually, the punch forced the
metal to form into the spherical bottom until the vertical forces were
balanced; i.e., until a stress level was reached where the metal
would flow up around the punch rather than into the die. Considerable
difficulty of this nature was experienced and in an effort to form a
perfect hemisphere, the punch and die were modified as shown on
Dwg #D-114783-1, #D-114783-4, #D-114787-1 and #D-114787-3.
These modifications markedly improved the flow problem but were

not completely successful in forcing the metal to conform to the

28
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COLD FORMING OPERATIONS (Cont.)

SIZE BILLETS (Cont.)

hemispherical shape. This die was run on a Verson 100 ton single
point mechanical press. Actual tonnage required was 159 tons for

the T241 and 105 tons for the T304.

29
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

7. SURFACE TREAT SIZED PIECE

This operation was identical with Operation #5.

This surface treatment was eliminated on a test
group of pieces, but the results indicated that the residual Foscoat
on the sized pieces was not sufficient to withstand the first backward

extrusion operation.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

8. FIRST BACKWARD EXTRUSION

The complete tooling required to perform this opera-
tion is shown on Dwg #114784 and #114788 on the pages immediately
following this text.

This die formed the . 945" inside diameter of the shell
bodies. The Foscoated sized piece was placed in the die and the
punch forced the piece down further into the die until a stress level
was reached in the piece which balanced the vertical loads. Then the
metal under the punch flowed upward through the annular orifice be-
tween punch and die.

Considerable care had to be exercised in aligning this
die and the variation in wall thickness of the extruded piece had tc
be checked to assure that it was within the allowable tolerance.

This piece should form the cavity with the desired shape
as shown on Dwg #122717 and #122716.

Consgiderable trouble in this respect was experienced
with both shell bodies in that the piece still did not fill out the hemis-
pherical cavity of the die. This made it extremely difficult to meas-

ure the metal remaining in the unextruded section. This difficulty
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

9. SURFACE TREAT

The chemical aspects of this operation were identical
with Operation #5.

However, the deep impression formed by backward
extrusion tended to air lock when the pieces were being treated un-
less provision was made to rack the pieces in a manner that would
allow the air to escape from the cavity as the particular solution
entered it.

In actual practice this was accomplished by placing
the pieces in baskets that were designed to rotate about 30° on

either side of the level position.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

10. FINAL BACKWARD EXTRUSION

This operation is similar in principle for both shell
but differed in both depth and severity from the thin bottom . 770"
diameter T304 body to the thick bottom 5/8'" diameter T241 body.
The results, for this reason, differed considerably.

The force required to forr: the . 770" inside diameter
of the T304 shell, coupled with the extreme depth of penetration of
the punch, forced the metal to fill completely the lower die cavity.
The lighter vertical load generated when forming the 5/8" inside
diameter of the T241 shell was not gufficient to cause the metal to
flow completely into the cavity. This was the reason for the devia-
tion which allowed a 9/16" diameter flat to be machined across the
otherwise hemispherical surface of the T241 body.

The tools to perform this operation are shown on Dwg
#B-114785 and #B-114789.

A 100 ton mechanical single point Clearing Machine
Corporation press was used. The ?,ctual tonnages required were 67
tons for the T304 shell and 46 tons for the T241 shell.

Reference to the sequence Dwg #E-112717 and #E-112716
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

FINAL BACKWARD EXTRUSION (Cont.)

indicates if the bottom thickness in the first backward extrusion was
not held within extremely close tolerances, either too much or too
little metal would have been displaced by the punch during the second
backward extrusion. This would have varied the position of the
shoulder in the cavities of the bodies more than the allowable toler-
ance. Since there was considerable variation in the degree to which
the metal filled the hemispherical die cavity during the first back-
ward extrusion, it was at first impossible to maintain the position

of the shoulder.

This problem was solved by making a final backward
extrusion punch as shown on Dv'vg #D-114789-2 and forming not only
the small lower inside diameter of the shell in this operation, but
also a portion of the larger upper inside diameter. In this manner

the position of the shoulder was accurately controlled.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

11. NOSING

The previous press operation worked only the base
portion of the shell leaving the Fecscoat on the open end undisturbed.
Therefore, no further lubrication was needed to perform this opera-
tion.

The final backward extruded piece was placed in the
die with its open end down. A hemispherically concave punch forced
the shell into the die which formed the nose shape and sized the out-
gside diameter.

The tools necessary to perform this operation are
shown on Dwg #114786 and #114790.

The die was run on a 100 ton Clearing Machine Corp-
oration single point press. The actual force required was approxi-

mately ten tons.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

COLD FORMING OPERATIONS (Cont.)

12, STRESS RELIEF

The finished shell were placed in a Liindberg Electric
Furnace, heated to a temperature of 7400 F., held at this tempera-
ture for one (1) hour and air cooled.

The experimental work which was done to determine
this temperature as well as the theoretical considerations involved

will be discussed in more detail in the section on metallurgical data.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

MACHINING AND FINISHING OPERATIONS

Since only a very small quantity of these two shell
(less than one hundred (100) each) were manufactured, the machining
and allied operations, which were performed on turret lathes, will
be described only in very general terms.

The machining operations necessary to finish a cold
shell will be described in detail in conjunction with the description
of manufacture of shell bodies T328 and T306E10 which follows.
These shell we produced in quantities large enough to warrant using
automatic machinery.

The first operation, which was done in a turret lathe,
faced the open end to length, bored and chamfered the mouth diameter
and tapped the 1-20 UNEF-2B thread.

With the piece chucked at the open end, the second
operation formed and knurled the band seat.

The rotating bands were applied using a small mechan-
ical press. Each band was given two squeezes, at right angles to
one another, to seat it in the groove and around the knurls.

The third and final lathe operation rough turned and
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

MACHINING AND FINISHING OPERATIONS (Cont.)

finish formed the rotating band and also formed the crimping groove.
The 9/16'" diameter flat was machined on the base of
the T241 shell body as a part of this operation and as shown by SK
10920 which is found on the following page.
The final operations necessary to complete the shell
such as stencilling, bonderizing, painting, etc., were performed.
A detailed description of such operations and the automatic equip-
ment used will be discussed in conjunction with shell T328 and

T306E10.
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

INSPECTION GAGING AND PROCEDURES

The small number of shell produced prohibited either
purchasing or building the quantity of gages that would be required for
mass production.

The final inspection gages were the required standard
gages of the snap, ring, plug and thread variety and were the prop-
erty of the subcontractor.

Gages designed and built by the Heintz Manufacturing
Company for checking the cold forming operations are found on the
pages immediately following.

The press set up gage, shown on Dwg #D-115904, was
used to align the extrusion dies. The ram of the press was lowered
until the punch just entered the die bushing. The gage was then
placed on top of the bushing with the two pins in the die cavity. With
the pin held firmly against the inside diameter of the die, the gage
was rotated around the punch and the deflection of the indicator noted.
The die was then shifted until the T.I.R. reading was . 002" or less.

The gage shown on Dwg #B-115901 was used to check
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

INSPECTION GAGING AND PROCEDURES (Cont.)

the concentricity or actually variation in wall thickness, The ex-
truded pieces (both the process pieces and the final "blank'') were
placed on the rollers and moved against the stop. A long, slender,
pointed rod, pivoted at its center point, was placed inside of the
shell. The shell was rotated and the variation in wall thickness
was measured by a dial indicator which measured the travel of the
other end of the pivoted rod.

The gages shown on Dwg #D-115902 and #D-115903
were designed to measure the position of the inside bottom, and

the shoulder of the shell with respect to the outside nose diameter.
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BODY, PROJECTILE, PRACTICE, 30MM

T304 and T241

METALLURGICAL DATA AND DISC USSION

The stated requirements for these shell included the

following mechanical properties:

Yield strength 90, 000 psi
Elongation 10%

Previous experience, and the thinking as outlined in

the Engineering Considerations section of this report, indicated that

a carbon steel of type AISI 1021 was needed to meet these require-

ments. This steel was purchased from Bethlehem Steel Company

and had the following ladle analysis:

Heat No 49N294

C o
Mn -
P o
S -
Si -

.19
.95
.018
.034
.03

Further examination of this heat of steel established

the following facts:

1. Structure: Typical pearlite in a ferrite

structure with the ferritic
grain size 6-8

2. Hardness: 75-80Rp

The shearing operation previously described severely
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

METALLURGICAL DATA AND DISC USSION (Cont. )

worked the faces of the slug requiring an anneal to remove this effect

4 ad bl
3 v L

s¢ that the pieces migni be further cold worked., Several experiments
were performed to establish the best annealing cycle. A cycle which
consisted of holding the slugs for two (2) hours at 1250° F. was deter-
mined to be the most satisfactory in that it softened the surface of

the slugs without altering the structure of the steel. Sketches show-
ing the hardness pattern of the billet before and after annealing are
found on the pages immediately following tue text of this section.

Four factors determine the final mechanical properties
of a cold formed shell--(1) the initial mechanical properties of the
steel, (2) the type of steel selected, (3) the extent to which the struc-
ture of the material is strained, and (4) the choice of the stress relief
temperature.

From experience, éome theoretical data, and consid-
erable empirical data it is possible to determine, at least approxi-
mately, the mechanical properties that will result from various
amounts of cold working a given material.

The tensile test curve of a severely cold worked steel

specimen which has not been stress relieved shows a very low propor-
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BODY, PROJECTILE, PRACTICE, 30MM
T304 and T241

METALLURGICAL DATA AND DISC USSION (Cont.)

tional limit.

The yield strength determined from testing a specimen
which has been stress relieved at any temperature other than the
optimum will be low, and the full advantage of obtaining this increased
strength through strain hardening will not have been realized.

The results of several experiments performed to deter-
mine the optimum stress relief temperature are reported below.

Yield Str. Elong. in

Specimen Stress Relief Tensile Str. (. 1% Off) 1/2"
T241 SHELL
1 None 89, 750 psi 74, 750 psi 12. 5%
1A None 90, 000 " 81,000 " 12. 5%
2 7400 F 30 min. 95, 000 " 84,300 " 18.75%
2A 7400 F 30 min. 93, 500 " 82,500 " 12. 5%
3 700° F 45 min. 98,250 " Bad Test 9.38%
3A 7000 F 45 min. 97,000 " 82,700 " 12. 5%
T304 SHELL
4 None 103, 000 psi 85, 250 psi 12. 5%
4A None 101, 500 " 91,000 " *
5 740° F 30 min. 105, 000 " 93, 250 " 12. 5%
5A 740° F 30 min. 106, 100 " 94, 500 " 15.63%
6 7009 F 45 min. Not Tested - Mechanical Difficulties
6A 700° F 45 min. 106, 500 " 100,600 " 9.38%

*Specimen broke through gage mark.

NOTE: Two specimen tested from each shell.
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METALLURGICAL DATA AND DISCUSSION (Cont.)

These results were disappointing and inconsistent with
previous experience. The Metallurgical Laboratory of Frankford
Arsenal in Philadelphia kindly agreed to further check specimen

from these same shell. These results are listed as follows:

Yield Str. Elong. in
Specimen Stress Relief Tensile Str. (. 1% Off) 1/2"
T241 SHEL.L
1A None 124,100 psi 110,800 psi  10.0%
1B None 122,900 " 117,700 10. 0%
2A 7000 F 45 min. 118,300 " 116,500 " 10. 4%
2B 700° F 45 min. 119, 60¢ " 114,600 " 9.6%
3A 740° F 30 min. 108,700 " 109, 100 " 10. 8%
3B 7400 F 30 min. 117,000 " 112,400 " 10. 0%
T304 SHELL
4A None 101,700 psi 88,300 psi  10.4%
4B None 103,600 " 99,300 " 10. 0%
5A 700° F 45 min. 107,600 " 97,100 " 10. 8%
5B 700° F 45 min. 104, 200 " 97,200 " 10.4%
6A 740° F 30 min. 107,000 " 99,700 " 11.2%
6B 740° F 30 min. 106,700 " 98,200 " 11.2%

A comparison of these data indicate an extreme variation
in results. The data obtained by Heintz indicated that the yield
strength was slightly lower than the required 90, 000 psi while the
Arsenal's results show yield strength considerably in excess of that

required. Metallurgists of both parties were unable to explain these
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METALLURGICAL DATA AND DISC USSION (Cont.)

discrepancies which probably reflect the practical mechanical diffi-

culties attendant upon the testing of such small specimen.
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BODY, SHELL, HEI, 30MM, T306E1l0

ENGINEERING CONSIDERATIONS

The shape of this shell with the heavy wall thickness in
the open end necessitated using operations such as forward extrusion
or draws which would thin the wall in the lower end of the shell leav-
ing the heavy open end undisturbed. Therefore, it was possible to
depict the operation designated as first draw on a sequence of opera-
tions Dwg #E~120471 which follows immediately after the text on
Engineering Considerations.

This piece designated as first draw had to meet the
mechanical property requirements of 90, 000 psi yield minimum and
10% elongation, since at this stage all of the heavy operations would
have been performed.

These mechanical properties were derived from the cold
work done following the last process anneal. A process anneal had to
follow the backward extrusion operation, since the metal was so se-
verely worked that little ductility remained. Therefore, the shape
of the piece which must have the proper yield strength was known,
as well as the required reduction in area necessary to produce it.
With this knowledge it was then possible to determine the shape of

the theoretical backward extruded piece. This theoretical shape was
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ENGINEERING CONSIDERATIONS (Cont.)

then analyzed to determine what reduction in area was required to pro-
duce it and if the reduction was not excessive this theoretical shape be-
came the actual backward extruded shape.

The billet size could then be determined in that the outside
diameter of the backward extruded piece required that the outside
diameter of the billet be the nearest commercially available bar size.
The height of the billet was calculated using this diameter and the
knowledge of the required volume of metal in the finished shell.

The operations between backward extrusion and first draw
had then to be considered. The shape and the required reduction al-
most dictated that a forward extrusion, with its great capacity for
heavy reductions, be used. The first draw could then be a relatively
light operation which could be used advantageously to form the outside
and ingide diameters to their required sizes.

If the first draw piece were rosed to form the finished
shape of the shell, the required force would stress the thin walled
section to a value in excess of its yield point and this thin wall would
upset. The method used to solve this problem was to employ two
operations so designed that in neither was the load required sufficient

to yield the thin wall. Such an operation is shown on Dwg #E-120471
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ENGINEERING CONSIDERATIONS (Cont.)

and designated as second draw.

Economic consgiderations demanded that the billet be
sheared rather than sawed from the bar stock. Therefore, an anneal
was required to remove the effects of the shearing and another press
operation had to be employed to shape this distorted sheared slug
and form the 1.408" outside diameter.

Before the sheared billet could be sized it was necessary
to remove the mill scale from the outside diameter and any burrs
caused by the shearing and, of course, to surface treat the piece.

Thus the complete theoretical or basic sequence of cold
forming operations was:

Shear Billet
Tumble

Anneal
Wheelabrate
Surface Treat
Size

Surface Treat
Backward Extrude
Anneal

10. Surface Treat
11, Forward Extrude
12. First Draw

13. Second Draw

14, Nose

15. Stress Relieve

OO ~1ITDW i W
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BODY, SHELL, HEI, 30MM, T306E10

ENGINEERING CONSIDERATIONS (Cont.)

With this information the tools necessary to form the
required shape could be designed and built, and all gages, jigs, and
auxiliary equipment for surface treating could be made.
These operations will now be discussed in detail with re-
gard for the practical tooling, metallurgical, chemical and manufac- v

turing problems.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS

1. SHEAR BILLET

The tools necessary to shear the 1-1/4'" bar stock are
shown on Dwg #B-114782 (p. 20).

The bar stock was manually fed into the die during the
up stroke of the press, and the billets fell out below the die. ‘

This operation was identical in detail to that described
for the T241 and T304 bodies with the exception of adjusting the stop
to make the billet of the required weight of 2, 800 grains for this
particular shell.

The die was run on a 100 ton Verson mechanical press.

The actual tonnage required was 43 tons.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

2. TUMBLE BILLETS

The purpose of this procedure was to remove any
sharp edges and burrs from the faces of the sheared billet. A
distorted slug, as produced by shearing, did not lend itself to
automatic chamfering of the billet edges, and a manual grinding
operation to remove burrs was econromically prohibitive.

Tumbling was an economical operation in that only a
part-time operator was required to load and unload the tumbler,
of one thousand (1, 000) pieces in a cycle time of forty-five (45)

minutes.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.) N

3. ANNEAL BILLETS

If the billet were to be further cold worked it was im-
perative that the original ductility be restored to the severely worked
sheared surface. An anneal was therefore required. This thermal
treatment also minimized the piece-to-piece and bar-to-bar differ-
ences in hardness, and thereby enhanced the repetitive accuracy of
the cold forming operations.

The billets were heated to a temperature of 1275° F.
in a Lindberg Electric Furnace, soaked at this temperature for one
and one-half (1-1/2) hours and air cooled.

Reference should be made to the section on Metallurgical
Data which shows the effect of this anneal on the hardness of the

sheared billet.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

4. SHOTBLAST

It was virtually impossible to have an automatic sur-
face treating cycle that was compatible with the tenacious scale
found on the surface of hot rolled bars, and the smooth, clean sur-

face of pieces that had been previously extruded. The most econom-

ical method of removing this scaled surface was mechanical blasting.

These pieces were ''wheelabrated'' on a tumble blast
machine manufactured by American Wheelabrator Corporation,
using soft ''nail whiskers' as shot. It was very important that soft
shot of some kind be used as hard shot tended to imbed itself in

the relatively soft billet and would score the die used to form it.

89

N - [



BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

e

5. SURFACE TREAT BILLETS

This surface treatment, or "'Foscoating', operation was
done on the Heintz experimental, manual Foscoating line. The pieces
were placed in stainless steel trays by an operator and then were
carried in baskets through the chemical cycle which follows:

Alkaline clean

Cold water rinse

Sulphuric acid pickle

Cold, overflowing water rinse
Hot, overflowing water rinse
Foscoat

Cold, overflowing water rinse
Hot, overflowing water rinse
Lubrication

OO0 =T & WK

Chemicals were supplied by Pennsylvania Salt Manufac-
turing Company of Philadelphia.

A comnlete description of the chemical constituents and
process controls is contained in the appendix section entitled '"Chemi-

cal Data'.




BCGDY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

6. SIZE BILLET

The tools necessary to perform this operation are shown
on Dwg #D-119843-1 which immediately follows the text describing
this operation.

Since all billets were sheared from 1-1/4" bar stock,
this sizing operation, in addition to its usual function of shaping the
distorted slug, also expanded its diameter to the required 1-1/2",

As previously described, the punch (Item #7), the bush-
ing (Item #8), and the knockout pin (Item #18) were the actual form-
ing elements of this die. These parts were so designed as to be
interchangeable with the remainder of the assembly. This assembly
was then suitable not only for this operation but for all subsequent
extrusions.

The only difficulty experienced with the die other than
ths usual alignment problems was the exceedingly critical nature
of the press shut height adjustment. This was nearly a confined die
and too low a setting of the shut height would have resulted in com-

plete confinement and excessive tool stresses.
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COLD FORMING OPERATIONS (Cont.)

SIZE BILLET (Cont.)

The cperation was performed on a Verson press rated
at 100 tons 6'" up from bottom dead center. The actual tonnage re-

quired for this operation was 233 tons.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

7. SURFACE TREAT SIZED PIECE

This operation was identical with Operation #5.

It was always necessary to coat prior to a backward
extrusion operation. Backward extrusion caused the coating to
stretch, at least locally, as much as 800%, and anything less than

a proper coating would not withstand such severe treatment.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

8. BACKWARD EXTRUDE

The tools required to backward extrude this shell are
shown on Dwg #D-119844 which immediately follows the text of this
section.

As with the previously described dies, the punch, bush-
ing and knockout pin were the actual forming elements which were
designed as replaceable parts of the complete die assembly.

This die, like all extrusion dies, had to be very care-
fully aligned because this operation, in addition to drastically form-
ing the metal, also determined the concentricity of the piece which
had to be held within . 008" T.I.R,

The billet was placed in the die and the punch forced it
down to the knockout pin and then stressed the metal to the point
where it flowed upward through the annular orifice between punch
and bushing. The press shut height was set to give the required
bottom thickness of . 180 to . 185". This dimension, as well as
eccentricity, was carefully checked when setting this die and at

frequent intervals when the die was running.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

BACKWARD EXTRUDE (Cont.)

This operation was performed on a 100 ton Verson
single point suspension press. The required force to form this

piece was 125 tons.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont. )

9. ANNEAL

The very severely cold worked backward extruded piece
was annealed to restore sufficient ductility to allow further cold form-
ing.

A sub-critical anneal which restored the original softness
and ductility without changing the structure of the metal was used.

The pieces were heated to a temperature of 1150° F. in
a Lindberg Electric Furnace, soaked at this temperature for one and
one-half (1-1/2) hours, and air cocled.

The results of this anneal may best be understood by
referring to the sketches showing the hardness of the material before
and after this thermal treatment. These sketches are found in the

section on Metallurgical Data.
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COLD FORMING OPERATIONS (Cont.)

10. SURFACE TREAT

This operation was identical to the surface treating
previously described with the exception that some provision had to
be made to oscillate the pieces to expel the air from the cavity.
This was accomplished by placing pieces in a basket that was ro-

tated about 30° on either side of the horizontal position.
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BODY, SHELL, HEI, 30MM, T306E10

COI.D FORMING OPERATIONS {(Cont.)

11, FORWARD EXTRUDE

Basically, forward extrusion was accomplished by
placing a backward extruded "cup' into a die and using a punch
which pressed on the top of the piece.

This operation was performed in the above described
manner and the depth to which the punch entered the die determined
the length of the thick walled section at the open end of the shell.
This distance from the bottom of the shell to the extrusion shoulder
had to be 1-1/2" plus 1/16 minus 0. The pieces were checked to
assure the concentricity of . 008 maximum was nct increased by
this operation.

The tooling required to make this piece is shown on
Dwg #B-119845.

This die was run on a 100 ton mechanical Verscn press

although the required force was only 60 tons.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

12. FIRST DRAW AND COIN

This press operation formed the cavity shape and re-
duced the outside diameter by drawing the metal in against the
punch in the lower section and ironing the upper wall.

Drawing, of course, introduced tensile stress in the

piece and tended to make the bottom of the piece slightly curved.
A coining operation, which consisted simply of compressing the
metal between the punch and knockout pin, at the end of the draw
stroke, removed this curvature and produced a flat bottom of . 165"
plus or minus .003" as required. The press shut height was ad-
justed so that the distance from the draw angle to the bottom of the'
piece was 1-7/8".

The tooling used to form the metal as described is

shown on Dwg #B-119846 which immediately follows this text. The

operation was done on a 100 ton mechanical Verson press. The force

actually necessary was 105 tons for coining. The draw load itself

was only 11 tons.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

13. SECOND DRAW

This '"draw'’ operation actually folded the metal in the
large walled section at the open end into the inside of the piece,
producing a uniform outside diameter.

Consgiderable difficulty was experienced with this opera-
tion. Any punch used to draw the piece through the die had to be
small enough to be removed through the reduced inside nose diameter
created by this operation. A punch of this diameter created a pres-
sure on the inside bottom of the piece sufficient to malform it.

This problem was solved by making a very unique punch
as shown on Dwg #119848. This punch pressed on the top of the piece
and as it pushed through the die it collapsed to conform to the de-
creasing die diameter.

The necesgsary tools are shown on Dwg #119848. Only

44 tons were required to do this operation.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

14. NOSE

The tools required to nose this shell are shown on
Dwg #B-119847 which immediately follows.

The cylindrical piece previously formed was placed
mouth down in the die and forced to conform to the curved shape of
the die as it was pushed down by the punch. The distance to which
the piece was pushed into the die was determined by the overall
length requirement of 2.750" to 2.770". The outside diameter was
to be held between 1.170" and 1.176".

This operation was performed using a 100 ton mechani-
cal Verson press. Only twenty tons were actually necessary to nose

this piece.
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BODY, SHELL, HEI, 30MM, T306E10

COLD FORMING OPERATIONS (Cont.)

15. STRESS RELIEVE

After considerable experimental work a temperature
of 7000 F. was found to be the desired stress relief temperature.
The pieces were heated in a Lindberg Electric Furnace and held
for one and one-half (1-1/2) hours at this temperature and then

air cooled.
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BODY, SHELL, HEI, 30MM, T306E10

@ MACHINING AND FINISHING OPERATIONS

Operations necessary to finish the cold extruded shell,
although conventional in nature, are recorded in detail hereafter.
All of these operations were done at Pantex Manufacturing Corpora-
tion, Pawtucket, Rhode Island, on automatic equipment now in use
to produce 30mm shell bodies from bar stock.

The operations were as follows:

Rough Face and Drill

Face, Drill and Recess Nose End of Shell

Machine 1/8" Radius at Junction of Cut-
side Diameter and Base

Wash

Tap 3/4"-20 thread

Wash

Spot Weld Base Plate

Inspect

Pack

W N =

W oo ~1I N U b

A sketch showing the cold extruded blank prior to
machining and indicating the metal to be removed is shown on the

following page.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont. )

1. ROUGH FACE AND DRILL

This operation was performed in a 1-1/2 x 8 Conematic
Chucker Serial No 3319WW. The details pertinent to this operation
are shown below in tabular form. Tool drawings are found on the

pages immediately following this text.

Steel Spec. SAE 1021 Spindle Gears 33/39
Collet Size 1-3/16 Feed Gears 24 /54
SSFPM 100 Tool Slide Cam Rise 5/8
Spindle RPM 361 Front Cross Slide Cam Rise 1/4
Cycle 16 Rear Cross Slide Cam Rise 0

Hourly Production 126

POS TOOL SLIDE OPERATIONS POS CROSS SLIDE OPERATIONS

W N =
W N =

Face with T312E1-~-T-25 tool
in T-158~T -9 holder

4 4

5 5

6 6

7 Insert shell with auxiliary 7 Mount gravity feed magazine
arm (standard) (standard)

8 Drill cavity to 5/8 dia. with 8
standard 5/8 three lip stub
drill

As a coolant a 20:1 mixture of Houghton Antisep All Purpose

Base and water was used.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

2. FACE, DRILL AND RECESS NOSE END OF SHELL

This machining was done on a 1-1/2" Conematic Chucker,
Serial No 3319WW. The pertinent details such as speed, feeds, tools,

etc., are shown in tabular form below:

Steel Spec. 1021 Spindle Gears 33/39
Collet Size 1-2/16 Feed Gears 38/40
SSFPM 100 Tool Slide Cam Rise 5/8
Spindle RPM 361 Front Cross Slide Cam Rise 1/4
Cycle 35 Rear Cross Slide Cam Rise 0

Hourly Production 60

POS TOOL SLIDE OPERATIONS POS CROSS SLIDE OPERATIONS

1 Drill .770 c/b dia. (rough) 1
with st'd 3/4 three lip stub
drill

2  Drill (rough) minor pitch dia. 2 Rough face 150 angle with
with st'd 11/16 three lip stub T312E1-T-25 breakdown tool
drill in T158-T-9 holder

3 Ream .770 c/b dia. finish with 3 Finish face 15° angle with
st'd 25/32 dia. six flute stub T-158-T-5 blade in T-158-T-
reamer (ground to . 774 dia.) 11 tool holder

4 Recess with internal recessing 4
attachment. Recessing tool
T306E10-T-10

5 Ream minor pitch dia. finish 5
with st'd 23/32 dia. six flute
reamer ground to . 6995 dia.

6 6

7 Insert shell with st'd auxiliary 7 Mount standard gravity feed
arm magazine

8 8
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BODY, SHELL, HE{, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

2. FACE, DRILL AND RECESS NOSE END OF SHELL (Cont.)

The coolant was the E. F. Houghton Company's Antisep
All Purpose Base rmixed with water in the ratio of 20:1.

This machine was powered by a 25 HP, 220 volt, 60
cycle, 3 phase, 1750 RPM motor.

The tools are shown on the pages immediately following

this text.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

3. MACHINE 1/8" RADIUS AT JUNCTION OF OUTSIDE DIAMETER
AND BASE

A Rapiduction Hand Screw Machine built by the Oster
Manufacturing Company of Cleveland, Ohio, was used to form the
radius.

The details of this machining setup are listed below in

tabular form.

1. Collet Size 1-3/16

2. Spindle Speed 286 RPM
3. Manual Cycle

4. Production Rate 150 pcs/hr

The machine was powered by a 4 HP, 220 volt, 60 cycle,
3 phase, 1700 RPM electric motor. A high speed tool bit 1/2"
square by 4" long was used, ground according to Heintz SK #10955
which is shown on the page immediately following this text.

The operation was manual. The operator placed the piece
in the collet, brought the tool against the shell until the radius was
formed, then removed the tool, stopped the machine and removed

the piece from the collet.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

4. WASH

The machine used was a Blakeslee Metal Parts Washer
of a single stage conveyor type, serial No 1138, manufactured by
G. S. Blakeslee & Company of Chicago, Iliinois.

The pieces were placed open end down in welded wire
baskets which held fifty (50) pieces each. As the pieces were carried
through the machine by the conveyor they were sprayed with an emul-
sion cleaner and a rust inuibitor.

The chemicals used were NAMUL (emulsion cleaner)
and SR-12 (rust inhibitor) which were manufactured by the Angler
Chemical Company of Norton, Massachusetts.

The NAMUL was mixed in the ratio of one (1) gallon to
one hundred seventy-five (175) galions of water and the SR-12 was
used at the ratio of four (4) ounces to one hundred seventy-five (175)
gallons of water. The temperature of the spray was maintained at

1759 F.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

5. TAP 3/4"-20 THREAD

A Kaufman tepping machine, Serial #10-188, with a
capacity of 5/8'" to 1-1/8" manufactured by the L. J. Kaufman Man-
ufacturing Company of Manitowok, Wisconsin, was used. The

machine setup is listed below:

1. Motor 3 HP, 220 volt, 3 phase,
60 cycle, 1725 RPM

2. Coolant Trifalex (undiluted)

3. Production Rate 200 pcs/hr

4. Spindle Speed 400 RPM

5. Lead Screw 20 pitch, left hand

The operator placed two shell in the loading position of
an eight station rotary table. The table then indexed and tapped two
bodies simultaneously. While the machine operated, the operator
removed two finished shell and replaced them with two new ones.

The cycle was then repeated. An undiluted cutting oil manufactured
by Trifalex Corporation of New York City was applied by brush to the

area to be tapped.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont. )

6. WASH

This operation was identical to operation #4.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

7. SPOT WELD BASE PLATE

A production welder manufactured by the Thomson-Gibb
Electric Welding Company of Lynn, Massachusetts, welded the base
plate to the bottom of the shell.

The machine specifications are listed below:

1. Thomson Production Welder, Type 19Z,
Serial #15055

2. Electraical rating: 75 KVA, 60 cycle, pri-
mary voltage 220, primary current 341
amps, secondary current 42, 500 amps
3. Ignition timer: Westinghouse Electric
Company's type SP 11B, 220 volt and 440
volt, 60 cycle, style 1106263,
The operator placed the shell open end down in a vise~
like opening. A rubber centering device was placed on the piece and
then the base plate was put into the cavity in the centering device. A

switch was activated and the plate was welded in. The shell body was

then removed and the cycle repeated.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

8. INSPECT

The following gages were used to check this shell body.

—

Length gage (press)

2. Thread gages

3. 1.176 dia. snap gage

4, 2.77 overall length snap gage
5. .965 nose diameter

6. .920-.930 plug gage

7. .990-1.000 plug gage

8. .500 thread length gage

9. .6959/.7037 plug gage

All of these gages are standard with the exception of

J-15147

J-15734

J-15712

J-15714

J-15716

J-15717

J-15718

J-15721

J-15735

Item #5 and 8, which are shown on the following pages.
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BODY, SHELL, HEI, 30MM, T306E10

MACHINING AND FINISHING OPERATIONS (Cont.)

9. PACK

The pieces were packed according to specification MIL-
P-10025A.

The box was made from 1/8" double faced corrugated
cardboard and was 12-3/4" long by 6-3/8" wide by 9-1/4" deep and
held one hundred (100) shell bodies in two layers of fifty each. The
individual bodies were placed inside the spaces created by a 1/32"
thick smooth cardboard separator. This separator was of the egg
crate variety and formed pockets to hold five (5) shell along the
width and ten (10) shell along the length of the box. A flat piece of
1/8" double face corrugated cardboard was used to separate the

layers.

NOTE: In accordance with the instructions of the contract, these

pieces were neither banded nor painted.
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BODY, SHELL, HEI, 30MM, T306E10

METALLURGICAL DATA AND DISC USSION

The mechanical properties required in this shell were
a minimum yield strength of 90, 000 psi and an elongation of 10%.

This shell was made from the same 1-1/4" diameter
AISI 1021 hot rolled bars as was used to make shell T241 and T304.
The properties were identical and are repeated here for convenience
only.

Chemical Analysis:

C - .19
Mn - .95
P - .018
S = .034
Su = .03

Structure: typical pearlite in a ferritic structure.
Grain size 6-8.

Hardness: 70-80Rp
After considerable experimental work had been performed
it was agreed that a temperature of 700° F. produced the optimum
results. The thinking and experimental work done was identical to
that explained in detail on page 72.
The results of the tensile test obtained by pulling a flat

specimen (see page 145) are listed below.
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BODY, SHELL, HEI, 30MM, T306E10

METALLURGICAL DATA AND DISC USSION (Cont.)

Tensile Yld. Str. Elong. Hardness
Specimen  Strength (.1% Off) in 1/2" Range
3-2 98, 500 94, 100 12. 5% 99-101
4-1 917, 600 91, 250 12. 5% 99-101

Hardness patterns which indicate the extent of the strain
hardening produced by the cold flow and the effect on the anneals are

shown on the pages which immediately follow this text.
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PROJECTILE, TARGET FRACTICE, 30MM, 1328




PROJECTILE, TARGET PRACTICE, 30MM, T328

ENGINEERING CONSIDERATIONS

This shell body was similar to the T241 and T304
shell previously discussed in that it apparently should be manufac-
tured using successive backward extrusion operations to form the
two inside diameters.

Two factors only would prohibit such a procedure--
excessively high reductions in area which would induce high stresses
in the tools, or extremely low reductions which would not work
harden the material to the degree necessary to develop the required
yield strength.

The 47% reduction in area necessary to form the . 825"
upper diameter was not excessive and was certainly more than re-
quired to achieve a yield strength of 90, 000 psi. The forming of
the .663" lower diameter was les. severe but still sufficient to de-
velop the required mechanical properties from 1021 steel.

When a backward extrusion like the one used to form
the . 825" diameter was contemplated some thought had to be given
to the limitation on the depth of extrusion imposed by the character
of the lubricant. The area of the top surface of the preceding piece
was stretched by backward extrusion to form the cavity and in some

ingtances this surface might be stretched locally as much as 800%.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

ENGINEERING CONSIDERATIONS (Cont.)

As the depth of punch penetration increased, the surface metal and
the lubricant increased in area. When this area increase thinned
the coating too much it broke down, and the punch galled the work-
piece.

This problem occurred when forming the upper diameter
and it was necessary to extrude in two steps using an intermediate
coating operation. In a special purpose surface treating operation,
sufficient weight of coating probably could ke applied to withstand the
thinning produced by the total of these two operations.

Thus the basic forming operations consisted of three
backward extrusions to form the cavity and outside diameter followed
by a nosing operation to form the ogive.

Shearing was the most economical way to make billets
from the bar st.ock, but it required an additional anneal to remove
the effects of the severe cold work on the top and bottom surfaces, as
well as a sizing operation to form the distorted slug into an acceptable
shape for backward extrusion.

The basic sequence of operations was as follows:

1. Shear billets
2. Tumble

3. Anneal

4. Wheelabrate
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PROJECTILE, TARGET PRACTICE, 30MM, T328

ENGINEERING CONSIDERATIONS (Cont.)

Surface treat

Size

Surface treat
Pre-backward exirude
Surface treat

10. First backward extrude
11. Surface treat

12. Second backward extrude
13. Nose

14. Stress relieve

OO =10wm

In reaching the decisions outlined above a preliminary
sequence of operations was prepared. When the thinking had crys-
tallized and the volumetric relationships were calculated, a final
drawing of the sequence of operations was made. This drawing
#120472 is shown on the page immediately following this text.

The tooling required to extrude these pieces, and the
gages necessary to measure them were then designed and built.

As the tools were tried out, and pieces made, there
was considerable metallurgical experimentation to determine the
optimum thermal treatment for both the process anneal and the
final stress relief anneal.

These operations will now be discussed in detail with
regard for practical considerations of a mechanical, metallurgical

and productive nature.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS

1. SHEAR BILLETS

The tooling required to shear the 1-1/4" diameter
hot rolled bar is shown on Dwg #114782 which immediately follows
the text on shell T241 and T304.

Random length bars were hand fed into the die during
the up stroke of the press, and the billets were sheared to the
proper weight of 4, 145 grains and fell out below the die.

With the exception of a tendency for galled metal to
build up on the stop block, this operation was performed with little
difficulty.

The die was set in a 100 ton crank press built by
Verson Allsteel Press Company, although only 43 tons were actually

required.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

2. TUMBLE BILLETS

This operation removed the sharp edges and burrs from
the face of the billet.

To chamfer the distorted slug by mechanical means
would have been difficult, and hand deburring was economically pro-
hibitive. Tumbling offered an ideal solution to this problem in that
it accomplished the objectives and required only a part-time opera-
tor to load and unload about one thousand (1, 000) pieces every forty-

five (45) minutes.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

3. ANNEAL BILLETS

Billets were heated in an electric furnace manufactured
by The Lindberg Engineering Company to a temperature of 1250° F.,
soaked at this temperature for one and one-half (1-1/2) hours and
air cooled.

A high but yet subcritical anneal such as this restored
the original ductility to the sheared face of the billet without disturb-
ing the structure of the steel. This thermal treatment also minimized
the piece-to-piece differences in hardness which increased the repeti-

tive accuracy of the forming operations.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

4. SHOTBLAST

The pieces, which were annealed in the presence of
oxygen, scaled rather heavily. The best method of removing such
a surface was mechanical blasting. This resulted in a surface which
was clean and bright and which could be surface treated using the
same chemical cycle employed to coat intermediate process pieces.

The pieces were placed in a gravity conveyor which
fed them into the machine, where they were blasted and ejected
automatically.

The wheelabrator used for this operation was the Amer-
ican Wheelabrator Corporation's tumble blast machine. When blast-
ing annealed billets such as these it was important to use soft shot

to prevent any imbedding of the shot in the relatively soft billets.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

5. SURFACE TREAT BILLETS

This surface treatment, or "Foscoating'', operation was
done on the Heintz experimental, manual Foscoat line. The pieces
were placed in stainless steel trays by an operator and then the bas-
kets were carried through the chemical cycle which follows:

Alkaline clean

Cold water rinse

Sulphuric acid pickle

Cold, overflowing water rinse
Hot, overflowing water rinse
Foscoat

Cold, overflowing water rinse
Hot, overflowing water rinse
Lubrication

OO 3DV W -

Chemicals were supplied by Pennsylvania Salt Manufac-
turing Company of Philadeliphia.

A complete description of the chemical constituents and
process controls is contained in the appendix section entitled "'Chemi-

cal Data'".
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

6. SIZE BILLET

The tooling necessary to form this piece is shown on
Dwg #B-119824 which immediately follows this text.

The Foscoated sheared slug was placed in the dié and
formed as shown on the above listed drawing. Great care had to be
taken to properly align this die, as the impression made by the punch
served as a guide for the backward extrusion punches which followed.
If the die were misaligned, the piece would have been unalterably
eccentric.

The shut height of the die had to be regulated to make
the piece of the required size.

This die was run on a Verson 100 ton singie point
mechanical press. The required force for this operation was 118

tons.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.) }

7. SURFACE TREAT

This operation was identical to Operation #5.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

8. PRE-BACKWARD EXTRUDE

This piece was formed in the tooling originally de-
signed for the first backward extrusion. As previously explained,
this extrusion was added to the sequence to compensate for the in-
ability of the coating to withstand such deep punch penetration.

The alignment of this die was very important, in that
it determined to a large extent the concentricity of the shell. The
press shut height setting was not so critical as is generally true,
since this operation was followed by first backward extrusion which
finally formed the . 820" diameter.

The tools are shown on Dwg #D-119825-4 which imme-
diately follows the text describing the first backward extrusion, This
operation differs from first backward extrusion only in the setting of
press shut height.

The die was run on a Verson 100 ton single point me~

chanical press. The load required to form this piece was 78 tons.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FCRMING OPERATIONS (Cont.)

9. SURFACE TREAT

This operation was the same as operation #5 witn the
exception that a mechanical method of oscillating the pieces was

used to allow the air to escape from the cavity.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

10. FIRST BACKWARD EXTRUDE

In this operation, as in all backward extrusions, the
metal was stressed until it flowed up through the annular opening
between punch and die.

The press shut heights had to be adjusted to make a
piece with the desired base thickness of . 870" plus or minus . 005",
The die had to be carefully aligned, and the piece, when made, had
to be checked to see that the eccentricity did not exceed . 010" TIR.

The tooling was set in a 100 ton Verson single point
mechanical press and a force of 78 tons was necessary to extrude
the metal. The tooling is described on Dwg #B-119825 which fol-

lows this text.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

11. SURFACE TREAT

This surface treating procedure was identical to that

described as operation #5.

170




PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

12. SECOND BACKWARD EXTRUDE

The . 663" inside diameter was formed by this extrusion
using the tooling shown on Dwg #B-119826 which immediately follows.

The Foscoated first backward extruded piece was placed
in the die and forced down by the punch which then stressed the metal
causing it to flow upward around the punch. The press setting was
adjusted to give the proper bottom thickness of .322 to .328. The
alignment of the die had to be consistent with an eccentricity require-
ment of .010" TIR, Enough metal was extruded in this die so that it
flowed up and around the shoulder on the punch allowing the location
of the inside shoulder of the piece to be positioned with great accur-
acy.

The die was set in a 100 ton Verson single point mechan-

ical press. This extrusion actually required orly 79 tons.

o
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont. )

13. NOSE

The tooling built to form this piece is illustrated on
Dwg #B-119847 and is the same die as was used to nose the T306E10
shell body.

The piece was placed mouth down in the die nest and
formed as it was pushed down into the contained die. The distance
between the mouth diameter and the bottom of the shell was con-
trolled within the range of 2.720 to 2.740'". On the return stroke
of the press the piece was ejected from the die by a knockout pin.

This tooling was run on a 100 ton Verson mechanical

press although the operation required only 16 tons.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

COLD FORMING OPERATIONS (Cont.)

14. STRESS RELIEVE

The optimum stress relief temperature determined em-
pirically was found to be 700° F. The pieces were held at this tem-
perature for one and one-half (1-1/2) hours in a Lindberg Electric
Furnace and air cooled. A discussion of the need for and the results
obtained from this type of thermal treatment is found in the section

entitled "Metallurgical Data and Discussion'.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS

These operations to be described hereafter were per-

formed by Pantex Manufacturing Company, Pawtucket, Rhode Island,

on high production machine tooling.

The operations were as follows:

i
.

Rough face and drill

Finish face, drill and ream

Machine and knurl band seat and machine
band groove

Wash

Tap the .8750-20-UNEF -28 thread

Wash

Swage band

Machine band

Stencil

Phosphatize

Paint

Pack

A sketch illustrating the cold formed blanks and indicat-

ing the metal to be removed is shown on the following page.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

1. ROUGH FACE AND DRILL

The open end of the cold formed blank was faced and the
inside diameter in the area to be threaded was machined on a 1-5/8"
New Britain Gridley six spindle automatic chucking machine. MOR -
FILM, a soluble oil manufactured by L R Kerns Company, Chicago,
Illinois, mixed with water in the ratio of 20:1 was used as a coolant.
The setup data for this operation is shown below in

tabular form.

Machine: 1-5/8 New Britain Gridley Spindle Gears: 45/87
Operation: Drill & Face Feed Gears: 47/85
Steel Spec: 1021 Tool Slide Cam Rise: 3/4
Collet Size: 1-3/16 Lower Front Form-
SSFPM: 111 ing Slide: 7/32
Spindle RPM: 435 Motor: 15 HP,
Cycle: 19 220V, 3
Hourly Prod: 185 phase, 60
cycle

POS TOOL SLIDE OPERATION POS CROSS SLIDE OPERATIONS

1 1 Face to length 2.770-2. 780
form tool holder (std)
2 Drill using st'd 5/8 three 2
lip stub drill

3  Drill using st'd 11/16 three 3
lip stub drill

4 4

5 5

[o2]

Insert shell using st'd aux- 6 Mount st'd gravity feed magazine
iliary operated inserter in upper front forming slide.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

2. FINISH FACE, DRILL AND REAM

The pieces were next chucked in a 1-1/2" eight spindle
Conematic and the above operations were performed.

The types of tools, tool position, speeds and feeds, etc.,
are shown below. Drawings illustrating all but standard tools are

found on the pages immediately following this text.

Machine: 1-1/2 x 8 Conema- Spindle Gears: 33/39
tic Chucker Ser- Feed Gears: 34/44
ial #3319WW Tool Slide Cam Rise: 3/4

Operation: Face, Drill, Ream Front Cross Slide Cam

Steel Spec: 1021 Rise: 1/4

Collet Size: 1-3/16 Rear Cross Slide Cam

SSFPM: 92 Rise: 0

Spindle RPM: 361 Aux Cam Pos 6 Rige: 11/16

Cycle: 26

Hourly Prod: 135

POS TOOL SLIDE OPERATIONS POS CROSS SLIDE OPERATIONS

1 Drill using st'd 25/32 three 1
lip stub drill
2  Drill using st'd 13/16 three 2
lip stub drill
3 3 Face to 2.720-2. 725 length
using T-158-T-5 tool in
T-158-T-11 tool holder
4 Ream minor pitch diameter 4
using st'd 53/64 dia.
(ground undersize to . 823
dia.) 8 flute reamer
5 Chamfer using st'd 1" dia. 5
center drill
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

FINISH FACE, DRILL AND REAM (Cont.)

POS TOOL SLIDE OPERATIONS POS CROSS SLIDE OPERATIONS

6 Ream front of .810 dia. 6
cavity using st'd 13/16
dia. 8 flute reamer
7 Insert shell using st'd aux- 7 Mount st'd gravity feed maga-
iliary operated inserter zine
8 8
The coolant was the E F Houghton Company's Antisep All
Purpose Base mixed with water in the ratio of 20:1.
This machine was powered by a 25 HP, 220 volt, 60 cycle,
3 phase, 175C RPM motor.

The tools are shown on drawings on the pages immediately

following this text.
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PROJECTILE, TARGET PERACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

3. TURN AND KNURL BAND SEAT AND FORM BAND GROOVE

AND 1/8 RADIUS ON BOTTOM OF SHELL

A 1-1/2" eight spindle C onematic chucking machine was

used for these operations. The necessary machine data as well as tool

position and type are as follows:

Machine: 1-1/2 x 8 Conema-
tic Chucker, Ser-
ial #3319WW

Operation: Form band seat,
groove, incl,
knurl & form 1/8
radius on back

Steel Spec: 1021

Collet Size: 1-3/16

SSFPM: 110
Spindle RPM: 361
Cycle: 26

Hourly Prod: 135

Spindle Gears: 33/39%
Feed Gears: 34/44

Tool Slide Cam Rise: 1/2
Front Cross Slide Cam

Rise: 5/32

Rear Cross Slide Cam

Rise: 0

POS TOOL SLIDE OPERATIONS POS CROSS SLIDE OPERATIONS

1
2

5 Mount roll support using
CX-15323 st'd tool holder

184

[y

Form 1/8 radius on back using
dovetail form tool in st'd
39-3 slitter form tool holder

Form band seat groove (par-
tial) using T-158-T-5 tool
in T-158-T-11 tool holder

Form 15° band seat groove
undercut using T-312E2-T-19
tool in M95-T -37 tool holder

Knurl band seat with st'd 25P
Reed knurling tool in M99-T -
29 knurl holder




PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

TURN AND KNURL BAND SEAT AND FURM BAND GROOVE
AND 1/8 RADIUS ON BOTTOM OF SHELL (Cont.)

POS TOOL SLIDE OPERATIONS POS CROSS SLIDE OPERATIONS

6 6

7  Insert shell using st'd aux- 7 Mount st'd gravity feed maga-
iliary operated work in- zine
serter

8 8

Houghton's Antisep All Purpose Base, mixed with water in

the ratio of 20:1, was the coolant.
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PRCJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

4. WASH

The machine used was a Blakeslee Metal Parts Washer
of a single stage conveyor type, serial No 1138, manufactured by G S
Blakeslee & Company of Chicago, Illinois.

The pieces were placed open end down in welded wire
baskets which held fifty (50) pieces each. As the pieces were carried
through the machine by the conveyor they were sprayed with an emul-
sion cleaner and a rust inhibitor.

The chemicals used were NAMUL (emulsion cleaner) and
SR-12 (rust inhibitor) which were manufactured by the Angler Chemi-
cal Company, Norton, Massachusetts.

The NAMUL was mixed in the ratio of one (1) gallon to
one hundred seventy-five (175) gallons of water and the SR-12 was
used at the ratio of four (4) ounces to one hundred seventy-five (175)
gallons of water. The temperature of the spray was maintained at

1750 F.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

5. TAP 3/4"-20 THREAD

A Kaufman tapping machine, Serial #10-188, with a

capacity of 5/8" to 1-1/8", manufactured by the L. J Kaufman Manu-

facturing Company, Manitowok, Wisconsin, was used. The machine

setup is listed below:

1.

o b W

Motor: 3BP, 220 volts, 3 phase,
6C cycle, 1725 RPM
Coolant: Trifalex (undiluted)

Production Rate: 200 pcs/hr.
Spindle Speed: 400 RPM
Lead Screw: 20 pitch, left hand

The operator placed two shell in the loading position of

an eight station rotary table. The table then indexed and tapped two

bodies simultaneously. While the machine operated, the operator re-

moved two finished shell and replaced them with two new ones. The

cycle was then repeated. An undiluted cutting oil manufactured by

Trifalex Corporation of New York City was applied by brush to the

area to be tapped.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (C ont.)

WASH

This operation was identical to operation #4.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

7. SWAGE ROTATING BAND

A size 0 swaging machine manufactured by West Tire
Setter Company, Rochester, New York, was used for thig operation.

The shell was placed in the machine and its three jaws
closed on the band, squeezed it into the band seat and around the
knurls. A plug which closely fit the inside diameter was inserted

in the shell to prevent collapse of the wall.

[y
o
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

8. MACHINE BAND

The band was formed on a Rapiduction Lathe type 601WD,
manufactured by the Oster Manufacturing Company, Cleveland, Ohio.
The setup chart for this operation is shown below and

tool drawings are found on the pages immediately following this text.

Collet Size: 1-3/16

Form Tool: T-158-T -46

Tool Holder: M-99-T-69

Spindle Speed: 1850 RPM

Coolant: Houton Antisep 20:1

Manual Operation
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

9. STENCIL

A marking machine made by Noble & Westkrook Manu-
facturing Company, East Hartford, Connecticut, was used to stencil
this shell.

Standard 1/16" high type was used to stencil at the rate
of fifteen hundred (1500) pieces per hour.

The pieces were placed on the periphery of a large table
‘which revolved slowly. Mounted on top of this table and on the same
axis was a wheel of slightly simaller diameter which revolved at a
slightly higher RPM than the table. As the table carried the pieces
to the stationary stencil the wheel forced the piece against it. The

stencilled pieces were automatically ejected from the machine.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

10. PHOSPHATIZE FOR PAINT

The machine for the cleaning cycle used for this opera-
tion was a Blakeslee Metal Parts Washer of a single stage conveyor
type, manufactured by G S Blakeslee & Company, Chicago, Illinois.
The shell bodies were placed mouth down in welded wire baskets
which held fifty (50) pieces each. As the pieces were carried through
the machine by the conveyor they were sprayed with the cleaner.

The remaining operations were done by dipping the pieces
in tanks which contained the various solutions. The baskets were
moved from tank to tank using a one (1) ton Budgit Hoist.

The chemical cycie was as foilows and conformed to MIL-

C-490. Two thousand (2, 000) pieces an hour were processed.

1. Clean
Machine: Blakeslee Metal Parts Washer
Chemical: #420A Cleaner

Manufacturer: Angler Chemical Company,
Norton, Massachusetts

Composition: 8 lbs. of cleaner to 175 gal. of water
Temperature: 1600 F,

Time: 4 min.

Type of

Application: Spray
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

PHOSPHATIZE FOR FAINT (Cont.)

2.

3.

Rinse

Machine:

Chemical:

Composition:

Temperature:

Time:

Method of
Application:

Phosphate Coat

Machine:
Chemical:

Manufacturer;

Composition:

Temperature:

Time:

Method of
Application:

4, Rinse

Machine:
Chemical:
Composition:

Temperature:

Time;
Method of
Application:

200 gallon tank
None

None (water)
1800 F.

1 min.

Dip

250 gallon tank

Matabond #14

International Rust Proof Company of
Cleveland, Ohio

32 point bath

2000 F.

8 min,

Dip

200 gallon tank overflowing
None

Water

2050 F.

1 min.

Dip
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

PHOSPHATIZE FOR PAINT (Cont.)

5. Chromic Acid Dip

Machine:
Chemical:
Manufacturer:
Composition:
Temperature:
Time:
Method of
Application:

200 gallon tank

D & I rinse

Doe & Ingalls, Inc., Everett, Mass.
1 pint

2100 F.

2 min.

Dip
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PROJECTILE, TARGET PRACTICE, 30MM, T328

MACHINING AND FINISHING OPERATIONS (Cont.)

11. PAINT

Black lusterless enamel conforming to specification
MIL-E-10687 was applied to the shell bodies by a Paasche air finish-~
ing machine, manufactured by Paasche Air Brush Company, Chicago,
Illinois. This was a conveyor machine type 236. The conveyor had
seventy-two spindles and the entire machine was capacle of painting
fifteen hundred (1500) sheil per nour. The spray guns and pressure
tanks were made by the deVilbiss Company of Toledo, Ohio.

The pieces were placed vertically with the open end up
on the conveyor spindles and were carried around to the painting loca-
tion. The shell started to rotate just before they reached the spray
gun. Two spray guns were used. One was located above the shell
and directed the paint spray along a line making a ten degree (109)
angle with the horizontal. The second gun was located under the
piece and sprayed upward at a thirty degree (300) angle. The pieces
then passed through a drying tunnel which employed as a heat source

fourteen (14) lamps which dissipated fourteen (14) Kilowatts,
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PROJECTILE, TARGET PRACTICE, 30MM, T328

INSPECTION

The following list of gages was used to check this

shell.

1. Length gage (press) J-15146
2. Thread gage J-15736
3. Crimp groove check J-15709
4. O.D. of band 1.228" go J-15710

5. Progressive snap gage for
band O. D. J-15711
6. Overall length 2, 74" J-15713
7. .980" Nose diameter J-15715
8. .810-.825'" plug gage J-15719
9. .654-.664" plug gage J-15720
10. .8209-.8287" plug gage J-15737

All of these gages are standard with the exception of
items #1 and 3. These gages are shown on Dwg #D-121116 and E-

120470 on the following pages.
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PROJECTILE, TARGET PRACTICE, 30MM, T328

PACK

The pieces were packed according to specification
MIL-P-10025A.

The box was made from 1/8'" double faced corrugateq
cardboard and was 12-3/4" long x 6-3/8" wide x 9-1/4" deep and
held one hundred (100) shell bodies in two (2) layers of fifty (50)
each. The individual bodies were placed ingide the spaces created
by a 1/32" thick smooth cardboard separator. This separator was
of the egg crate variety and formed pockets to hold five (5) shell
along the width and ten (10) shell along the length of the box. A
flat piece of 1/8'" double face corrugated cardboard was used to

separate the layers.
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PROJECTIILE, TARGET PRACTICE, 30MM, T328

METALLURCICAL DATA AND DISCUSSION

This shell body, in common with the other three pre-
viously discussed, had mechanical property requirements of 90, 000
psi minimum yield strength and an elongation of 10%.

The type steel, the metallurgical thinking, and pro-
cedures were identical to those employed on the T304 and T241 shell
bodies. The only differences peculiar to this shell were the reduc-
tion in area and the resultant change in the stress relief temperature

to 700° F.

The mechanical properties obtained using a 1/2" flat

specimen are listed below:

Tensile Yld. Str. Elong.
Specimen  Strength  (.1% Off.) in 1/2" Hardness R ange
1-2 102, 750 97,700 11. 0% 99-104
2-2 103, 300 97, 600 12. 5% 99-104

Hardness patterns illustrating the effects of cold work-

ing and both process and stress relief anneals appear on the page fol-

lowing this text.
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APPENDIX

Chemical Data:

All cold forming operations of the severity described in

this report require a lubricant that will withstand the extreme pres-

sures. The importance of this lubricant cannot be over-emphasized

and unless it is carefully controlled as outlined below, work pieces

will be severely galled and eccentric.

Process:
Operaticn:

Material:

Surface Treatment - Procedure and Controls

Alkaline Cleaner
Fosclean C-4, 6 oz. /gal., 200-210° F., 5 minutes

Cold, overflowing water rinse

Sulfuric Acid Pickle
12% H9SO4 by weight, 1700 F., 4-5 minutes

Cold, overflowing water rinse
Hot, overflowing water rinse (160° F.)

Foscoat
35 points, 180-185° F., 7 minutes

Cold, overflowing water rinse

Final hot rinse
Fosrinse K-1, 0.1%, 1609 F., 30-60 seconds

Lubrication
Foslube L-19, 2. 5% solids, 130-150° F., 3 minutes

Foscoat
Alkaline Cleaning

Fosclean C -4, PennSalt Mfg. Co.
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APPENDIX (Cont.)

Tank Capacity: 361 gallons

Concentration: 6 oz. /gallon

Charge: 135 lbs. Fosclean C -4

Operating Instructions: Immerse for 5 minutes at 200-2100 F.

Bath to be air agitated

Process: Foscoat

Operation: Pickling

Material: Sulfuric Acid, 6609 Baume, Sp. gr. 1.835
Tank Capacity: 363 gallons

Concentration: 10-12% by wt. 106-130 gms. H2SOg4/liter
Charge: 26 gallons (2 carboys) Sulfuric Acid
Operating Instructions: Immerse for 4-5 minutes at 170° F.

Iron content should not exceed 4-5%

Process: Foscoat

Operation: Foscoat

Material: Foscoat A, Z, AS, SG, PennSalt Mfg. Co.
Tank Capacity: 409 gallons

35 point bath

10. 40 gallons (143 lbs.) Foscoat Z
2.75 gallons (30.7 lbs.) Foscoat A

8.20 lbs. Foscoat SG

210




< »r

APPENDIX (Cont.)

Alternative

7.26 gallons (92 lbs.) Foscoat AZ

6. 05 gallons (84 lbs. ) Foscoat Z

8. 02 lbs. Foscoat SG

Operating Instructions:

Process:
Operation:
Material:

Tank C apacity:
Concentration:

Charge:

Operating Ingtructions:

Process:
Operation;
Material:

Tank Capacity:
Concentration:

Charge:

Operating Instructions:

Immerse for 7 minutes at 180-185° F,
Temperature must be regulated so that
introduction of work load does not reduce
temperature below 1800 F. Work must
be racked to permit escape of gas.
Fosgcoat

Final Hot Rinse

Fosrinse R-1, PennSalt Mfg. Co.

560 gallons

0. 1% by weight

4.7 lbs. Fosrinse R-1

30-60 seconds at 140-160° F,

Foscoat

Lubrication

Foslube L-19, PennSalt Mfg. Co.

361 gallons

10% by wt. of the product (2. 5% fat content)
300 lbs. Foslube L-19

3 minutes at 130-1500 F.
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APPENDIX (Cont.)

SUGGESTED PRESS EQUIPMENT
TO MAKE SMALL CALIBER PROJECTILES
FROM 20MM to 40MM

While as earlier noted, only five light presses--the heaviest being 250
tons at most--would be required to make the simpler 30mm projectiles,
a desirable lineup of optimum utility is suggested below.

SHUT HEIGHT
TONNAGE & ON TOP OF

DISTANCE BOLSTER

UP FROM STROKE KNOCKOUT

BOTTOM DOWN (See Note
OPERATION OF STROKE ADJ. UP #4) STROKE
SHEAR 100 T, 1" up 14" No 6"
FORMING 500 T, 1" up 30" Yes i6"
FORMING 400 T, 2" up 30" Yes 16"
FORMING 400 T, 2" up 30" Yes 16"
FORMING 200T, 2" up 30" Yes 16"
FORMING 200T, 2" up 30" Yes i6"
FORMING 100 T, 1" up 30" Yes 16"

NOTES:
1. All Bed Areas: 30" x 30"
2. All Presses rated at 50 strokes per minute except the Shearing
Press which should be rated at 125 strokes per minute
3. All Presses to have automatic feeding device
4. Knockout to have adjustable travel - 0" to 6" and 10% of rated
press tonnage
All press rams to have 3" adjusiment
6. Knockout Stroke Cycle:
a. Ram top dead center - Knockout up
b. Ram 90° forward - Knockout down
c. Knockout dwell dawn until ram is 5" up on return stroke
d. Ram 60° before top dead center - Knockout up
e. Knockout raised and dwelling for top 60° of ram cycle

w
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APPENDIX (Cont.)

MATERIAL SPECIFICATIONS

Carbon or alloy steel for the production of these shell
should be ordered as ""Hot Rolled Bar Stock'' to meet Federal Speci-
fication QQ-5S-633. Knowing the end use of the steel and the process
to be used, the fabricator and the steel mill can jointly determine
specific requirements and precautions necessary to produce steel
that will produce satigfactory finished pieces (and within the general
AISI requirements for projectile quality steel).

Certain requirements have been developed which can
serve as starting points in any such discussion. These points will
be described briefly in the following paragraphs,

The steel should be bought in the '"as-rolled" condi-
tion. It has been found that the lower carbon steels can be sized

"ag-rolled'' condition.

or backward extruded in the

Chemistry restrictions need not be any more rigid
than called for under this Federal Specification with the possible
exception of silicon. Our experience has indicated that a ''Fully
Aluminum Killed" steel is the best type to use for this work. In
any event, it would be wise to limit the silicon content to . 08 maxi-
mum.

Commercial tolerances for dimensions and recondi-

ticning of bar stock are satisfactory.
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APPENDIX (Cont.)

The application of macroetch examination standards
should be approached with caution. Certain obvious defects such as
pipes, flakes, bursts, severe segregation, and deep surface de-
fects are, of course, unacceptable. When it comes to various types
of ingot patterns and segregation patterns, however, no clearly de-
fined correlation with defects in finished pieces has been established.
If such a correlation can be established, it should be negotiated with
the steel mill.

Grain size should be 5 or finer (Ferritic).
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